In this study of ibuprofen overdose, symptoms developed in
INTRODUCTION
Ibuprofen overdose generally has been considered to be benign. 1 The recent introduction of ibuprofen preparations as over-the-counter analgesics has increased the availability and thus the potential for both accidental pediatric ingestio~is and deliberate overdosage.
The appearance of reports of serious toxicity from ibuprofen overdose ~-4 prompted a clinical study of patients with ibuprofen overdosage reported to the Rocky Mountain Poison and Drug Center to determine the incidence and expression of symptoms, the relationship between the amount ingested by history and the development of symptoms, the relationship between ibuprofen plasma levels and the development of symptoms, and whether any changes occur in elimination half-life in overdosage.
METHODS

Records of 218 consecutive calls to the Rocky Mountain Poison and Drug
Center involving ibuprofen between January 1984 and August 1985 were examined. All information was collected on standard American Association of Poison Control Centers contact forms. Of the total, 104 contact forms from cases between January and August 1984 were identified by a computer search and examined using a prepared data collection checklist. An additional 114 contact forms from cases between September 1984 and August 1985 were collected prospectively and examined using the same checklist.
Contact forms were examined for demographic data, amount of ibuprofen in milligrams and milligrams-per-kilogram ingested by history, symptoms, the time from ingestion to onset of symptoms, results of ibuprofen plasma levels, outcome, and whether the patient was seen in a health care facility.
Of the 218 cases, 40 asymptomatic patients with total recorded follow-up equal to or less than one hour from the time of ingestion were excluded from analysis as it was thought that the clinical outcome could not be assessed adequately from the limited recorded information. To concentrate on the effects of pure ibuprofen overdose, we excluded 42 patients with coingestants. Nine patients were excluded because they either had no ingestion of ibuprofen by history {information calls, missing medication that was later FIGURE. found) or had negative ibuprofen plasma levels between one and four hours after the time of alleged ingestion. One nonhuman ingestion case also was excluded. All symptomatic patients were included in the analysis regardless of the length of follow-up; thus, 126 cases were analyzed.
Cases were divided into subsets for comparison: pediatric (ages 10 months to 5 years) and adult (ages 14 years and older). No patients in the analysis group (126) were between 5 and 14 years old.
The number of follow-up calls made in each case was recorded and the mean number of follow-up calls was calculated for the group of 126 patients.
In the 59 of 126 patients (47%) who were either in a health care facility when the Poison Center was called or who were referred by the Poison Cen-' ter to a health care facility for evaluation, the history and amount of ingestion were confirmed both from the caller and the health care provider. In cases managed at home, the history was checked repeatedly by usual measures, such as having the caller read the container label to the poison information specialist, counting the number of pills left in the container, subtracting the amount known to be used from the number dispensed, and having the caller search carefully for any spilled medications. If the amount missing was determined later to be different from that given during the initial call, the latter amount was used in calculations.
Symptoms were elicited by experienced poison information specialists using a symptom checklist. All callers were specifically requested to call back to the Poison Center if a patient who had been asymptomatic at the time the case was closed by the poison information specialist later developed symptoms. There were no in- Hours After Ingestion stances of call-backs reporting the development of symptoms after a case was closed in an asymptomatic patient.
Ibuprofen plasma levels were requested on as many patients as possible who were either symptomatic or had ingested more than 100 mg/kg of ibuprofen by history All plasma levels were done by a gas chromatographic method.
Symptoms defined as severe were potentially life threatening (seizures, apnea, symptomatic bradycardia or hypotension, anuric renal failure, coma). Mild to moderate symptoms were defined as non-life-threatening (mild central nervous system depression, gastrointestinal upsets, rash, headache, nystagmus or blurred vision, muscle fasciculations).
Amounts of ibuprofen ingested by history (mg/kg in children, total mg and mg/kg in adults) between symptomatic and asymptomatic groups were compared using Student's t test (two-tailed); P < .05 was considered significant. 
RESULTS
The mean number of follow-up calls made in the group of 126 cases was 2.7 calls per case (range, none to eight).
Symptoms developed in 19% of patients (24 of 126) with pure ibuprofen overdose ( Table 1 ). In the 88 pediatric patients (ages 8 months to 5 years), six (7%) became symptomatic. Of this group, two children developed severe symptoms.
One 16-month-old child ingested 469 mg/kg ibuprofen by history and developed apneic episodes four hours after ingestion. An aspiration pneumonitis developed following the apneic episodes and led to sepsis. The child also had generalized seizures. This patient died on the seventh day following hospital admission despite vigorous supportive care, and was the only death in the series. A 5-year-old child had one generalized seizure within four hours of ingesting an unknown amount of ibuprofen. This patient recovered fully.
Of the 38 adult patients, 18 (47%) became symptomatic, but no lifethreatening symptoms occurred. One patient developed mild bradycardia and hypotension without compromise of sensorium or organ perfusion. A second patient with a history of stable, chronic nephritis had an increased elevation over baseline of creatinine from 3.4 mg/dL to 4.1 mg/dL after ingesting 4,000 mg ibuprofen. Subsequent follow up showed a return to the baseline level over one month. A third patient developed hematuria and elevated BUN and 6r6atinine after ingesting 14,000 mg ibuprofen. All patients who developed symptoms did so within four hours of the ingestion.
A total of 37 ibuprofen plasma levels were obtained from 23 patients in the study between 0.5 and 8.5 hours after ingestion (Table 2) . Of these, six levels from five patients showed no ibuprofen to be present. These five patients were excluded from analysis. Two patients had plasma levels reported as "< 10 ~g/mL," and were not used in construction of the nomogram (Figure) . Plasma levels obtained from patients with coingestants were used in nomogram construction if the patients remained asymptomatic. Plasma ibuprofen levels drawn between 1.0 and 8.5 hours after ingestion from this study, together with seven plasma levels from Court and Volans 3 and eight reported to the Upjohn Company, are shown ( Figure 1 ). Plasma levels from the Upjohn Company and Court and Volans 3 are either from pa: tients ingesting only ibuprofen or from asymptomatic patients with coingestants.
Ten patients had at least two ibuprofen plasma levels, allowing calculation of an approximation of the elimination half-life. The mean elimination half-life was 1.53 hours (range, 0.86 to 3.06 hours). The longest elimination half-life of 3.06 hours was in a patient with mild chronic renal failure. Two patients had three ibuprofen plasma levels, permitting a better elimination half-life calculation. These were 1.46 and 1.40 hours.
There was a statistically significant difference (P < .001) in the milligramper-kilogram amounts ingested by history between the pediatric symptomatic and asyrnptomatic groups. There was no significant difference (P > .05) in either total milligrams or milligram-per-kilogram amounts ingested by history between the adult symptomatic and asymptomatic groups (Table 3) . No patient who ingested less than 99 mg/kg by history became symptomatic.
DISCUSSION
I buprofen, 2-(4-isobutylphenyl) propionic acid, has been available in the United States for approximately ten years as a prescription antiinflammatory and analgesic medication. Nonprescription forms recently have been introduced. Serious toxic effects, including coma, bradycardia, hypotension, apnea, metabolic acidosis, and renal failure, may occur when the drug is taken in overdosage. 2-s Serious side effects may occur with therapeutic use, and include hemolysis, 6 renal failure,7 gastrointestinal hemorrhage, various blood dyscrasias, and minor central nervous system and visual disturbances. 8 A recent review comparing the safety of ibuprofen to that of aspirin and other nonsteroidal antiinflammatory medications showed ibuprofen to be a safe agent. 9 A previous report of overdose detailed coma and hypotension in a 70-year-old man who ingested 12 g ibuprofen. Diazepam and chlorpheniramine also were ingested. It was unclear how much of the toxicity could be ascribed to the ibuprofen.2A ° Two reports from the National Poison Information Service in London have described the British experience with ibuprofen overdose.3, S Of 73 cases reported during 1980 and 1981, details were available for 42 patients. Among children, 17 developed no symptoms after ingesting 0.2 to 2.4 g; two developed drowsiness and diaphoresis after ingesting up to 3.6 g. Of 23 adults, 13 with 1.4-to 2.4-g ingestions developed mild symptoms (abdominal pain, nausea, vomiting, drowsiness, nystagmus, diplopia, tinnitus). One patient ingested between 9.6 and 16 g and devel- In 67 patients reported to the Upjohn Company as a part of the voluntary post-marketing reporting system, there were no deaths or permanent sequelae from overdosage in patients 3 years old and younger and in patients 3 to 20 years old. 1 There were three deaths in the 20 years and older/unknown group. The first had coingested salicylates, the second had coingested salicylates and ethyl alcohol, and the third died in hypovolemic shock after ingesting ibuprofen and slashing both wrists. There were no deaths among patients with pure ibuprofen overdose. Plasma levels as high as 539 ~g/mL were reported in survivorsJ A recent case report describes a patient who developed acute oliguric renal failure requiring hemodialysis after ingesting 54 g ibuprofen. Plasma ibuprofen levels were 53 ~g/mL at 48 hours and 16 ~g/mL at 59 hours after ingestion. 4 In this study, no correlation was found in adults between the total milligrams or milligram-per-kilogram amounts ingested by history and the development of symptoms (Table 3) . Although no adult patients in this study developed life-threatening symptoms, coma, hypotension, bradycardia, and oliguric renal failure have been reported previously in this age group. [2] [3] [4] In pediatric patients, there was a statistically significant correlation between the milligram-per-kilogram amount ingested by history and the development of symptoms. Symptomatic children had a mean ingestion of 440 mg/kg (Table 3) . No patient developed any symptoms with an ingestion of less than 99 mg/kg.
Pharmacokinetic properties of ibuprofen in therapeutic doses are rapid absorption (80% in one-half to two hours), elimination half-life of approximately two hours {1.92 to 2.43), no appreciable accumulation with repeated dosing, 90% to 99% protein binding, and a volume of distribution of 0.11 to 0.19 L/kg. 1115 A single 400-mg dose in adults produces a peak plasma concentration of about 29 ~g/ mL at 90 minutes after ingestion, which decreases to about 3 txg/mL at eight hours and is not detectable at 12 h6urs3 All of a single administered dose is excreted in the urine within 24 hours, 90% as metabolites.14 LDsos were found to be 800 mg/kg in mice and 1,600 mg/kg in rats36
In the overdose setting, the elimination half-life does not appear to be prolonged. The mean approximate halflife for the ten patients with at least two plasma levels in this study was 1.53 hours (range, 0.86 to 3.06 hours). These data suggest that the onset of symptoms should be relatively rapid and the duration relatively short in ibuprofen-overdosed patients.
Combining ibuprofen plasma levels from this study (n= 25} with those of Court and Volans 3 (n= 7), and levels reported to the manufacturer (n=8) (personal communication, William S Barry, MD, Upjohn Company, Kalamazoo, Michigan) allows the construction of a nomogram (Figure) .
With levels above the upper ("probable toxicity") line, 11 of 17 patients (65%) were symptomatic. Mild symptoms (gastrointestinal upset, mild central nervous system depression, rash) occurred in seven of these 17 patients. Severe symptoms (coma, seizures, apnea, symptomatic hypotension, or bradycardia) occurred in four of these 17 patients (24%), and six patients remained asymptomatie.
Between the lines ("possible toxicity"), two of six patients (33%) became symptomatic (mild, one; severe, one; asymptomatic, four).
Below the lower line ("toxicity unlikely"), four of 17 patients (24%) developed mild symptoms. No patients with severe symptoms had plasma levels below the lower line.
When ibuprofen plasma levels are available, the nomogram may aid in predicting which initially asymptomatic patients (adult and pediatric) are at risk to develop symptoms later.
Treatment has generally been supportive.3, s Airway control as indicated by the patient's condition, support of blood pressure with fluids and vasopressors if necessary, correction of acidosis, and atropine for symptomatic bradycardia may be required. Gastric emptying procedures may be of benefit soon after the ingestion. Induced emesis must be considered carefully because of the possibility for seizures in children ingesting large amounts of ibuprofen. Activated charcoal and a cathartic should be administered in an attempt to decrease absorption. The possible existence of an enterohepatic circulation of ibuprofen 12 suggests that multiple-dose activated charcoal may be of benefit and requires further investigation. Although it has been theorized that forced alkaline diuresis may be useful in overdose, lz the short half-life in the overdose setting and the fact that 90% of an ingested dose is excreted as metabolites TM argue against this treatment. No published reports of ibuprofen overdose mention forced alkaline diuresis, and the procedure is unlikely to be necessary or useful.
SUMMARY
The history of the total amount or milligram-per-kilogram amount of ibuprofen ingested by adults is not predictive of the potential for developing symptoms. In children, the milligram-per-kilogram amount of ibuprofen ingested by history does allow assessment of the symptomatic potential. Because the elimination half-life does not appear to be prolonged in the overdose situation, initial manifestations might be expected to have a rela-
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tively rapid onset and to be shortlived. No patient in this study developed the onset of symptoms later than four hours after ingestion. The nomogram may aid in predicting which initially asymptomatic patients (adult and pediatric) have the potential to develop symptoms later.
Children with a history of ingesting less than 100 mg/kg may be observed at home. Those with an ingestion of 100 to 200 mg/kg should have induced emesis and be observed at home for four hours with referral to a medical facility if symptoms develop. With ingestion of 200 to 400 mg/kg, immediate gastric emptying and observation in a health care facility for at least four hours with administration of activated charcoal and a cathartic are indicated. Children ingesting more than 400 mg/kg have the greatest risk for developing serious symptoms, and immediate medical referral is appropriate for this group. Induced emesis must be considered in the light of the potential for seizures.
The history of the amount of ingestion is not useful in determining which adult patients need referral to a medical faciIity. All symptomatic patients and those who have ingested an overdose in a suicide attempt certainly should be evaluated by a health dare provider.
Treatment is supportive. There is some evidence for an enterohepatic circulation of ibuprofen, 12 and multiple-dose oral activated charcoal therapy should be evaluated. Children less than 5 years old are particularly susceptible to developing such severe symptoms as apnea, coma, and seizures. Adults ingesting large amounts of ibuprofen also may develop renal failure. Although ibuprofen overdose is often benign, serious symptoms and death may occur.
